Forty genotypes of Balam rice germplasm of Bangladesh were studied for 17 morphophysicochemical characters at BRRI during 2009-11. The cluster analysis using Mahalanobis' D 2 statistics, grouped the genotypes into seven clusters, where no duplicate germplasm was found for the studied characters. The highest number of genotypes (8) was constellated into clusters I, III and V and the lowest (2) was in cluster IV. The intraand inter-cluster distances were maximum (1.17 and 21.16) in cluster VII and between clusters II and IV and minimum (0.27 and 2.23) in cluster IV and between clusters II and VII respectively. Based on the values of principal component score, the two-dimensional scatter diagram (Z1-Z2) also distributed the genotypes into seven groups. The genotype of cluster IV, produced the highest flag and penultimate leaf area (1136 cm 2 ), culm diameter (7.2 mm), days to maturity (152 days), primary and secondary branches per panicle (63), grain yield per panicle (4.9 g), 1000-grain weight (29.3 g), grain yield per hill (31.3 g), cooking time (19 min) and amylose content (24.1%). Similarly, the genotype of cluster I, produced the tallest plant (148 cm), maximum straw yield per hill (40.0 g) and protein content (9.6%), while the genotype of cluster VI, produced the highest panicle per plant (21) and the genotype of cluster III, produced the longest grain (8.8 mm). Therefore, it may be possible to obtain the highest mean values for the maximum studied characters, if the genotypes of cluster IV are crossed with the genotypes of cluster I, cluster III and cluster VI respectively. Besides, the canonical variate analysis showed that the grain length, cooking time, straw yield per hill, days to maturity, plant height and grain yield per panicle contributed maximum to the genetic divergence of the studied germplasms. Finally, the study revealed that the Balam rice germplasm can offer a diverse valuable gene reservoir to utilize in hybridization programmes for the improvement of Balam rice.
INTRODUCTION
Balam is an indigenous landrace varieties developed over time, by adaptation to its natural and cultural environment and is used to grown in the southern regions especially in Barisal district of the country. Among the fine varieties, Balam tops the list and was known as 'Bashool Balam'. Because it was so fine that it could percolate through one's nose, hence they called it 'Bashool'. There was a time, when Balam used to be cultivated in huge acres of farmland but now gradually leading to extinction and lost their commercial value in the wake of huge demand for high yielding modern rice. As a result, Balam, once adored throughout the subcontinent, was included in the extinct list of Bangladesh Rice Research Institute (BRRI), with the strains now only preserved in the Gene bank. Rice germplasm is not only endowed with genetic diversity but also represents a wealth of valuable genes (Sarma et al., 2003) . Exploring diversity in a landrace collection is very important for identifying new genes and further improvement of the germplasm (Jayamani et al., 2007) . However, Bangladesh had abundant rice germplasms from time immemorial. But, now rice diversity in Bangladesh is threatened all over the country due to extensive cultivation of modern varieties (MVs) along with various intervention of rice habitat . Rice germplasm need to be utilized for maintaining its diversity in rice field.
Genetic diversity is the foundation for an efficient choice of parents for the variety development programme. Genetic diversity is a powerful tool to determine the genetic discrimination among the genotypes, which is used to select appropriate parents for hybridization to develop high yielding potential variety (Bhatt, 1970) . But limited work has been done on analysis of the genetic divergence for Balam rice of Bangladesh.
The present study was, therefore, undertaken to assess the extent of genetic diversity in Balam rice germplasm of Bangladesh for selecting genotypes as prospective parents to develop transgressive segregants.
MATERIALS AND METHODS
Forty genotypes of Balam rice germplasm of Bangladesh were selected and collected from BRRI Genebank, Gazipur and were studied for 13 agro-morphological and four physicochemical characters (Table 1) Rao (1952) . Multivariate analyses were performed using GENSTAT 5.13 programme. Sohrabi et al. (2012) and Chakravorty et al. (2013) observed the contribution of 76.7 and 75.9% of the first six and four components respectively to the total variation in rice. On the other hand, Hossain (2008) observed that the first eight axes accounted for about 90% of the total variations by PCA in 78 aromatic and fine grain rice landraces. The 40 genotypes of Balam rice germplasm were grouped into seven clusters on the basis of nonhierarchal clustering method using Mahalanobis' D 2 statistics for 17 morphophysicochemical characters (Table 3) . Sohrabi et al. (2012) reported six clusters in 50 Malaysian upland rice accessions for 12 growth traits, yield and yield components. Roy et al. (2004) found five clusters from 35 Aman rice cultivars for 10 traits during Kharif season and Datt et al. (2003) observed four clusters from 61 elite Basmati rice genotypes by using Mahalanobis' D 2 statistics. But, Mahalingam et al. (2012) observed 13 clusters in 31 Indian and exotic germplasm lines.
The distribution pattern of cluster indicated that the highest number of genotypes (8) included in clusters I, III and V, followed by clusters VI and VII respectively, while the lowest number of genotypes (2) included in cluster II. It also revealed that no duplicate existed among the genotypes for the studied characters. Fukuoka et al. (2006) , Hossain (2008) , Sarhadi et al. (2009) and Nascimento et al. (2011) earlier also found no duplicates from cluster analysis using Mahalanobis' D 2 statistics in rice. The clustering pattern also revealed that the genotypes constellated in the cluster were not originated from the same geographic region. Chakravorty et al. (2013) by evaluating 51 rice land races, Hosan et al. (2010) by studying 20 landraces, Rajesh et al. (2010) by assessing 29 land races and Medhabati et al. (2013) by studying 37 wild and cultivated rice also found no parallel relationship between genetic and geographical divergence. Based on the values of principal component score 1 and 2 obtained from the PCA, a two-dimensional scatter diagram (Z1-Z2 ) (Fig. 1 ) using component score 1 as X-axis and component score 2 as Y-axis was constructed. The position of the genotypes in the scatter diagram was apparently distributed into seven groups indicating the existence of considerable diversity among the genotypes. The clustering pattern confirmed the results obtained by divergence analysis. Table 4 presents the average intra-(bold) and inter-cluster distances (D²). The intra-cluster distance was maximum (1.17) in cluster VII and minimum (0.27) in cluster IV, denoting that the genotypes under cluster VII were the most diverse and those of cluster IV were comparatively similar or less diverse than the genotypes of other clusters. Regarding the intercluster distance, maximum genetic distance (21.16) was observed between the clusters II and IV indicating wide range of diversity, while the minimum inter-cluster distance (2.23) was observed between the clusters II and VII. Mahalingam et al. (2012) found inter cluster distance ranged from 6.14 to 24.84, higher than intra cluster distance that ranged from 0.0 to 12.11 for Indian and exotic rice. Hossain (2008) reported intra-and inter-cluster distance ranged from 0.0 to 1.02 and 2.21 to 21.59 respectively on aromatic and fine grain land races of rice. However, the genotype of cluster IV with the cumulative ranking 1, produced the highest flag and penultimate leaf area (1136 cm 2 ), culm diameter (7.2 mm), days to maturity (152 days), primary and secondary branch number per panicle (63), grain yield per panicle (4.9 g), 1000-grain weight (29.3 g), grain yield per hill (31.3 g), cooking time (19 min) and amylose content (24.1%). Similarly, the genotype of cluster I with the cumulative ranking 2, produced the tallest plant (148 cm) and maximum straw yield per hill (40.0 g) and protein content (9.6%), while the genotype of cluster VI with the cumulative ranking 3, produced the highest effective tiller number per plant (21) and the genotype of cluster III with the cumulative ranking 4 produced the longest grain (8.8 mm). Therefore, it may be possible to obtain the highest mean values for the maximum studied characters, if the genotypes of cluster IV are crossed with the genotypes of cluster I, cluster III and cluster VI respectively. Hosan et al. (2010) , Mahalingam et al. (2012) , Sohrabi et al. (2012) and Medhabati et al. (2013) earlier reported similar trend of conclusions on rice using Mahalanobis' D 2 statistics. In the present study, it was also appeared from the canonical analysis that 73.85% of the total variation was accounted for canonical root 1 and 15.71% by canonical root 2 (Table 6 ). Table 7 presents the coefficients pertaining to the different characters in the first two canonical roots. It was revealed from canonical variate analysis that grain length, cooking time, straw yield per hill, days to maturity, plant height and grain yield per panicle were the most responsible for both the primary and secondary differentiations and contributed maximum to the genetic divergence for the characters of the germplasm studied. Earlier, Mahalingam et al. (2012) and Rajesh et al. (2010) found similar results. However, the above result was in agreement with earlier reports in rice by Hossain (2008) and Hosan et al. (2010) . 
CONCLUSIONS
The highest genetic diversity was existed between the genotypes of clusters II and IV. The genotype of cluster IV produced the highest flag and penultimate leaf area, culm diameter, days to maturity, primary and secondary branches per panicle, grain yield per panicle, 1000-grain weight, grain yield per hill, cooking time and amylose content. On the other hand, cluster I produced the tallest plant along with maximum straw yield per hill and protein content, while cluster VI produced the highest panicle per plant and cluster III produced the longest grain. Therefore, it may be possible to obtain Balam rice with maximum good characters, if the genotypes of cluster IV are crossed with the genotypes of cluster I, cluster III and cluster VI.
